SF was prepared according to a previous method, with slight modification of the extraction procedure.
at 60 °C. The USPIO nanoparticles were rinsed several times with distilled water and separated from the solution with an external magnetic field.
Isolation and culture of bone-marrow mesenchymal stem cells (BMSCs)
All animal experiments were approved by the Medical Ethics Committee on Animal Care at Southern Medical University. BMSCs were isolated from 4-week-old New Zealand white rabbits and expanded by density gradient centrifugation according to a previous description. [4] Briefly, 4-5 mL of bone marrow was aspirated from the tibia penicillin-streptomycin at 37 °C under 5% CO2. Nonadherent cells were removed after incubation for 48 h. At 80%-90% confluence, the BMSCs were serially passagedand passage 3 was used for all experiments. To induce chondrogenesis in vitro, the hydrogels were seeded with 50 μL of the suspension (BMSCs density, 2 × 10 7 mL −1 ).
The chondrogenic medium was carefully changed every 3 days.
Cytotoxicity
The cytotoxicity of the prepared hydrogels [CNC/SF with 0%−0.6% (w/w) USPIO]
was evaluated with a Cell Counting Kit-8 at 450 nm on days 1, 4, 7, and 10 after seeding.
BMSCs were seeded on a 48-well plate with 2 × 10 3 cells per well. The hydrogels of the different experimental groups were placed into the appropriate wells, and BMSCs cultured in wells without hydrogel were used as the control group. At each indicated point, the optical density was measured with a SpectraMax ® M5 multi-mode microplate reader (Molecular Devices, USA).
Biochemical analysis
Glycosaminoglycan (GAG) measurement: A 1,9-dimethylmethylene blue (DMMB) dye binding assay was used to evaluate the GAG content of the non-labeled and 0.1% Collagen II, aggrecan, Sox9, and collagen I were the target genes and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was the internal control. The specific primers are listed in Table S2 . Gene expression levels were calculated with the ΔΔCt method.
Rabbit cartilage defect model
All animal procedures were approved by the Institutional Animal Care and Use
Committee of Nanfang Hospital, Southern Medical University. Thirty-two New Zealand White rabbits (2.0-2.5 kg, Guangdong Medical Laboratory Animal Center, Guangdong, China) were used for the in vivo experiment and were randomly divided into four groups (four knees per group): non-labeled hydrogel, 0.1% (w/w) USPIOlabeled hydrogel, non-labeled hydrogel with BMSCs, and 0.1% (w/w) USPIO-labeled hydrogel with BMSCs. The BMSCs-loaded (2 × 10 7 mL −1 ) constructs were precultured in chondrogenic medium for 2 weeks before implantation. After the lateral dislocation of the patellar and medial parapatellar arthrotomy, bilateral critical partial-thickness osteochondral defects (3.5 mm in diameter and 3 mm in depth) were created centrally in the trochlear groove without blood exudation, using an electric drill under general anesthesia. Sterile isotonic saline (0.9%) was added dropwise to the defect during drilling to avoid heat damage. The corresponding hydrogels or cell-hydrogel constructs were implanted at the defect sites. The rabbits were injected with penicillin to prevent infection and allowed to move freely after waking.
International cartilage repair society (ICRS) macroscopic scores for repaired cartilage
Gross images of the harvested femur condyles were taken to evaluate cartilage regeneration in weeks 8 and 12, and the ICRS macroscopic scoring system was used as described in Table S3 . [5] All regeneration was scored by three independent observers blinded to the experimental groups. 
